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Abstract

Background: At hospital admission, patients suspected of infection with influenza or

respiratory syncytial virus (RSV) are placed in isolation, pending the outcome of

diagnostics. In a significant number, isolated care proves unnecessary. We investigated

the potential impact of molecular point‐of‐care (POC) diagnostics on patient manage-

ment and in‐hospital costs.
Method: Prospective collection of data on resource utilization within the hospital from

consecutive patients 18 years or older presenting at our university medical center with

symptoms of respiratory tract infection from December 2016 to April 2017. A cost

analysis was conducted using Markov modeling comparing the actual course of events

(on the basis of routine diagnostic tests) with two hypothetical scenarios: when POC

would impact time to diagnosis only (scenario 1) or on discharge from the hospital, too

(scenario 2).

Results: A total of 283 patients were included, of whom 217 (76.7%) were admitted.

Influenza and RSV were detected in 31% and 7% of the patients, respectively. Fifty‐
four percent of patients tested negative, of which 79% were kept in isolated care

waiting for test results, with a median duration of 24 hours. Median length of stay

was 6.0 days. Mean total in‐hospital costs per patient were € 5243. Introducing POC

would lower mean costs per patient to € 4904 (scenario 1) and € 4206 (scenario 2). At

the hospital level, this would result in a total cost reduction of € 95 937 to € 293 471

in a single influenza season.

Conclusions: Introducing POC testing for patients presenting with symptoms of viral

respiratory tract infection can reduce time‐to‐diagnosis, hospital stay and, thereby,

in‐hospital costs.
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1 | INTRODUCTION

Viral respiratory tract infections, especially influenza and respiratory

syncytial virus (RSV), are a major cause of morbidity and mortality,

causing a substantial burden on health care systems especially during

annual seasonal epidemics.1,2 When admitted to the hospital,

patients with suspicion of influenza or RSV infection are placed in

isolation in a single‐person room pending the outcome of diagnostic
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testing and are managed with extensive infection control measures

(CDC infection control guidelines, 2007, last updated October 2017).

If no single‐persons room is available, a multiple‐person room may be

used for a single patient resulting in the loss of admission capacity.

This highly impacts hospital resource utilization and healthcare costs.

Furthermore, because of the clinical uncertainty about the cause of

disease (viral versus bacterial), many patients will be treated empirically

with nontargeted antibiotic therapy until results of microbiological

diagnostics are known, whereas only some will actually need it. Rapid

detection of respiratory viral pathogens has therefore also the potential

of reducing the duration of empirically started antibiotics and initiation of

appropriate antiviral treatment, as an antiviral treatment for influenza

should be started within 48 hours after onset of disease to be effective.

In the context of diagnostic tests, important improvements have

been achieved in the last decade in terms of reducing time to

conclusive diagnosis. Most recently, rapid, sensitive, and reliable

point‐of‐care (POC) molecular assays have been developed, reducing

the time from sample collection to result.3-7 From a health economic

point of view, a relevant question is whether speeding up the

diagnostic process incurs extra costs, and, if so, how these costs

compare with any downstream savings.

The aim of this study is to assess the potential impact of a POC

test for influenza and RSV on patient management and associated

hospital costs.

2 | MATERIAL AND METHODS

2.1 | Study population

From December 2016 to April 2017, all patients aged 18 years and

older with suspicion of respiratory viral infection were included,

either admitted to our hospital or ambulatory. Our hospital is a

tertiary referral academic center in The Netherlands. Respiratory

samples were taken on the basis of the clinical judgment of the

physician. Patient characteristics were collected (sex, age, underlying

illness, length of hospital stay, admission to ICU, and mortality).

Respiratory samples were divided in two aliquots, one for the routine

laboratory molecular testing, and one for the cobas® Liat System.

Aliquots for the cobas Liat System were stored in minus 80°C for

retrospective testing at the end of the study.

Patients were followed up, collecting data on resource utilization

within the hospital until the time of final diagnosis and discharge.

Time of admission, time of collection of respiratory material, time

spent in isolation for respiratory illness, time to arrival of the

specimen in the laboratory, time to result of the diagnostic test, and

data on antimicrobial were retrieved from our electronic patient

record system and laboratory information system.

3 | LABORATORY PROCEDURES

3.1 | Standard methods

For routine detection of influenza virus and RSV the Diagenode assay

was performed as described by Templeton et al.8 Briefly, nucleic acids

were extracted from 200 µL sample using the MagNA Pure and the

MagNA‐Pure LC TNA Isolation Kit (Roche Diagnostics, Almere, The

Netherlands). A multiplex RT‐PCR panel assay containing 15 different

viral pathogens was used (influenzavirus type A and B, RSV,

coronavirus 229E, and OC43, hBoV, EV, AdV, parechovirus, PIV types

1‐4, hMPV, and RV). An internal control consisting of Phocine

Herpesvirus (IC DNA control) and Equine Arthritis Virus (IC RNA

control) was included in the assay. RNA was reverse‐transcribed to

F IGURE 1 Schematic diagram of the states and the possible transitions for a specific Markov node in the Markov decision model
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cDNA in a 50 µL reaction mix containing 20 µL of nucleic acid. PCRs

were performed on the LightCycler 480 using LightCycler 480 Probes

Master Mix (Roche Diagnostics). Cycling conditions were 95°C for 5

minutes, followed by 50 cycles of 95°C for 15 seconds and 55°C for 15

seconds and 72°C for 20 seconds.

3.2 | Cobas Liat analyzer

Testing by the cobas® Liat Influenza/RSV assay was carried out

according to the manufacturer's instructions, which required 200 µL

of patient sample to be pipetted into the supplied assay tube and

tested on the cobas® Liat analyzer.9

3.3 | Model description

A Markov decision model was developed to compare costs in three

scenarios: actual clinical management, compared with two hypothetical

scenarios, in which clinical management would have been based on the

cobas® Liat (POC). In both hypothetical scenarios, a correct diagnosis was

assumed to be made within an hour upon admission. In one scenario, the

impact of reduced time‐to‐diagnosis on in‐hospital resource utilization

and associated costs was modeled (scenario 1), whereas the second

model took into account reduced hospital stay as well (scenario 2).

Patients presenting at the out‐patient clinic were distinguished from

those presenting at the emergency department. A Markov model was

constructed to reflect the in‐hospital routing of patients, distinguishing

seven specific states (Figure 1). In each scenario, patients started at the

outpatient clinic or the emergency department (state 1). They could

either remain in that state, be discharged (ie, not hospitalized, state 7), or

they could be hospitalized, in isolated care (state 2) or not (state 3). In

both cases, their infection status was unknown. From state 2 they could

either remain in that state, or progress to the state “isolated care,

infectious state established/need for isolated care confirmed” (state 4),

progress to the state “not isolated care, infectious state established/need

for isolated care disconfirmed” (ie no influenza or RSV detected, state 5),

or progress to state 6 (“not isolated care, infectious state is known,

absence of isolation confirmed”). From state 3 (“hospitalized, not isolated

care, infectious state unknown”), patients could remain in that state, or

progress to state 6 or 4. Patients in states 4, 5 or 6 could remain in that

state, or progress to state 7 (“discharge from hospital”). In addition,

patients in state 4 or 5 could progress to state 6.

Cycle‐time for the Markov model was 1 hour; maximal follow up

time was 200 hours. Cycle‐time dependent transition probabilities

for the care‐as‐usual scenario were on the basis of observed patient

routings. In both hypothetical scenarios, test results were assumed to

be available within 1 hour, and clinical decisions were assumed to be

made in accordance with those results.

TABLE 1 Costs in euros used in the model.10

Visit outpatient clinic € 163.‐ / each time

Visit emergency unit € 259.‐ / each time

Ward, not isolated care € 642.‐ / day

Ward, isolated care € 1284.‐ / day

Routine diagnostic test € 125.‐

POC molecular test € 90.‐

Abbreviation: POC, point‐of‐care.

TABLE 2 Study population

Presenting
at ER

Presenting at

outpatient clinic
n = 53n = 230

Sex, male (n, %) 126 (54.8%) 35 (66.0%)

Age, years (median, range) 67.0 (18‐95) 57 (19‐81)

Underlying illness* 190 (82.6%) 49 (92.5%)

Respiratory viruses detected

Influenza A 77 (33.5%) 9 (17.0%)

Influenza B 1 (0.4%) 1 (1.9%)

RSV 13 (5.7%) 6 (11.3%)

Negative 128 (55.7%) 26 (49.1%)

Influenza + RSV ‐ 1 (1.9%)

Other respiratory virus 11 (4.8%) 10 (18.9%)

Admission 197 (85.7%) 20 (37.7%)

ICU admission 38 (19.2%) 2 (10.0%)

Length of stay, days

(median, range)

6.0 (0‐58) 6.0 (2‐22)

Isolated care 171 (86.8%) 16 (80.0%)

Time until diagnosis*,

days (median, range)

1.0 (0‐3) 1.0 (1‐4)

Antiviral use

Yes 85 (37.0%) 7 (13.2%)

Duration, days (median,

range)

4.0 (0‐10) 5.0 (1‐10)

Initiated but influenza

negative

41 (48.2%) 4 (57.1%)

Duration if influenza

negative, days (median,

range)

1.0 (0‐5) 2.0 (1‐6)

Duration if influenza

positive, days (median,

range)

5.0 (3‐10)* 7.0 (5‐10)

Antibiotic use

Yes 166 (72.2%) 29 (54.7%)

Duration, days (median,

range)

6.0 (0‐19) 7.0 (1‐10)

Duration if influenza or

RSV positive, days

(median, range)

4.0 (0‐14)* 7.0 (1‐10)

Duration if influenza or

RSV negative, days

(median, range)

7.0 (0‐19) 7.0 (3‐10)

Abbreviation: RSV, respiratory syncytial virus.
*hematological malignancy, COPD and other pulmonary diseases,

diabetes, oncology.
§time between sample collection and result of routine respiratory PCR.
≠P < 0.001 compared with influenza or RSV negative.
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3.4 | Costs

The costs for routine and POC diagnostic tests were on the basis of

estimated cost prices of the assay. Where available, standard cost

prices on the basis of national guidelines were used to calculate mean

costs per patient.10 Costs for admission in isolated care were assumed

to be twice the costs for non‐isolated admission. This would reflect the

additional protective equipment for patient and personnel, the use of a

one‐person room or multiple room occupancy by a single patient, the

extra workload for staff (eg need for finding capacity within own

hospital or in other neighboring hospitals) and loss of productivity

because of inability to admit patients because of lack of capacity. Table

1 represents an overview of the costs used in the model.

3.5 | Software

All analyses were performed using the TreeAge Pro software

package (Version 2015, R 1.0, TreeAge Software, Inc, Williamstown,

MA).

TABLE 3 Comparison of cobas Liat Influenza/RSV assay and routine PCR (n = 225)

cobas Liat

Influenza A Influenza B RSV Influenza + RSV negative

Routine PCR Influenza A 60

Influenza B 1

RSV 17

Influenza + RSV 1

negative 2 2 111

Abbreviation: RSV, respiratory syncytial virus.

F IGURE 2 A, B, and C. Cohort probabilities, according to the model, in three scenarios for patients who enter the hospital: care as usual (A),
and two hypothetical scenarios: impact on in‐hospital patient routing only (B), and impact on in‐patient routing and discharge from hospital (C)
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4 | RESULTS

A total of 283 patients with suspected viral respiratory tract

infection were included (Table 2). The majority (84.4%) of patients

had a chronic underlying illness. Overall, 217 out of 283 patients

(76.7%) were admitted to the hospital, mostly in isolated care

(86.2%). Median time to diagnosis (ie result of the respiratory

test) was 1 day. Out of 283 patients, 54% tested negative for

influenza and RSV. Of those patients, 79% were initially admitted

in isolated care waiting for a final test result, as were all patients

with proven influenza infection. Forty patients (18.9%) were

admitted to intensive care. The median length of stay in hospital

was 6 days.

In 195 patients (68.9%), antibiotic therapy was started, with a

median duration of 7 days (0‐19). Antiviral therapy (ie oseltamivir)

was prescribed in 92 (32.5%) patients. In 45 (48.9%) patients,

influenza diagnostic test was negative; oseltamivir was given in

this group for a median duration of 1 day (0‐9). Of those who

tested influenza positive (n= 86), 47 (54.7%) were treated with

oseltamivir.

Retrospective testing using the cobas® Liat Influenza/RSV assay

was possible in 225 patients; for 58 patients either results using the

cobas® Liat assay were invalid and no material was left for re‐testing
(n = 21), or no respiratory material was left after initial routine

testing (n = 37). All patients who tested influenza A, influenza B or

RSV positive in the routine PCR had comparable results using the

cobas® Liat Influenza/RSV assay (Table 3). Four out of 115 patients

who tested negative in the routine PCR turned out influenza A (n = 2)

or RSV (n = 2) positive using the cobas® Liat Influenza/RSV assay. In

one of these patients, routine PCR on sputum was negative for RSV,

but positive on subsequent BAL material. Initial sputum was positive

for RSV using the cobas® Liat Influenza/RSV assay. For the other

three patients, no other respiratory material was available for further

testing to distinguish between true or false positive findings using the

cobas® Liat Influenza/RSV assay.

4.1 | Modeling results

The results of the Markov modeling are presented in Figure 2. The

Figure shows how probabilities that patients reside in either of the

seven states change over time, starting from their presenting at the

hospital till 200 hours follow up. In the scenario “care as usual,” all

patients started in the state “outpatient clinic” or “emergency

department” (state 1), and left this state within 10 hours. Concur-

rently, the probability increased that they entered the state of being

hospitalized, either in isolated care or not, whereas their infectious

status remained unknown (states 2 and 3). After a rapid increase

during the first 10 hours, these probabilities gradually decreased and

returned to zero within 60 hours of follow up. During that time,

probabilities increased that patients entered states 4, 5, or 6: their

infectious state had been established, and they were being hospita-

lized, either or not in isolated care, in accordance with their infection

state. Finally, after an initial rapid increase during the first 10 hours,

the probability that patients were discharged from the hospital

gradually increased over time. At 200 hours follow up, there was an

approximately 70% probability that patients had been discharged.

When compared with this reference scenario, scenario 1

represents the impact of POC testing on time‐to‐diagnosis only

(Figure 2B). In scenario 2, POC testing also impacts discharge from

the hospital (Figure 2C). In both scenarios, all patients left the

emergency department or outpatient clinic (state 1) with known

infectious status. Thus, none of the patients entered states 2, 3, and

5. In scenario 2, nearly all patients had been discharged at 200 hours

follow up, compared with 70% in scenario 1.

4.2 | In‐hospital costs

The costs associated with in‐hospital care for patients suspected of

influenza or RSV infection are presented in Table 4. Cost estimates

were on the basis of the average length of stay of patients in the

various model states (1‐7), combined with unit cost prices (Table 1).

TABLE 4 Mean duration in the various model states (hours) and associated costs (euros) per patient suspected of influenza or RSV infection,
in case of care as usual and in case of reduced time‐to‐diagnosis as result of POC (scenario 1) and in case of additional impact of POC on length
of stay (scenario 2). For total costs, the 90% confidence interval is presented on the basis of first‐order Monte Carlo simulation of the three
models (numbers between brackets).

Care as usual Scenario 1 Scenario 2

Duration* Costs Duration Costs Duration Costs

State 1 presentation ‐ 366 ‐ 331 ‐ 331

State 2 ward, isolated, unknown 11.8 633 ‐ ‐ ‐ ‐

State 3 ward, not isolated, unknown 8.5 227 ‐ ‐ ‐ ‐

State 4 ward, correctly isolated 36.0 1922 40.4 2163 35.7 1910

State 5 ward, incorrectly isolated 3.4 184 ‐ ‐ ‐ ‐

State 6 ward, correctly not isolated 72.5 1910 90.1 2410 73.5 1965

Total 5243 4904 4206

(288‐10105) (253‐9604) (253‐8267)

Abbreviations: RSV, respiratory syncytial virus; POC, point‐of‐care.
*mean, hours.
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In the scenario “usual care,” mean costs per patient amounted to

€ 5243 (€ 288‐10 105). Introducing POC would lower in‐hospital
costs to € 4904 (€ 253‐9604) and € 4206 (€ 253‐8267) in scenarios 1

and 2, respectively.

5 | DISCUSSION

Our study suggests that introducing a POC test for influenza and

RSV at the entry point of adult patients in a hospital might reduce in‐
hospital costs by €300‐€1000 per patient suspected of infection with

influenza or RSV. These savings result from avoidance of unnecessary

infection control measures and shorter length of hospital stay. Our

results are consistent with recent studies describing that rapid

influenza diagnostic tests reduced costs by a reduction of the time

spent at the emergency department, less unnecessary patient

isolation because of rapid negative results and a decrease of the

number of patient admissions.11-13 Our study is the first to assess the

potential impact of molecular POC tests for influenza and RSV using

a model that was populated with real‐world data on the complete

trajectory of a cohort of patients suspected of viral respiratory

infection through the hospital, from primary contact on the

emergency department or outpatient clinic to discharge.

The largest potential cost reduction attributable to the POC test

was on the length of stay in the hospital, although it is not clear

whether POC testing indeed reduces the length of stay. Most data

regarding the effect of rapid testing for influenza and/or RSV on

patient care and hospital management are on the basis of retro-

spective, observational studies. Observational studies have shown

that POC testing contributes to a shorter length of stay, a reduction

in (duration of) antibiotic use and the prescription of antiviral therapy

in a timelier manner.4,5,14-19 Two randomized studies showed a

significant reduction in turn‐around‐time and a positive effect on the

timely prescription of antiviral therapy; however, no effect was

observed on the length of hospital stay and on antibiotic use.20,21

The impact of POC respiratory virus testing on clinical decision

making in patients with respiratory symptoms at the emergency

department was assessed in two recent reports.13,22 In approxi-

mately 60% of patients, physicians changed patient management on

the basis of the results of the rapid test, resulting in a decreased

length of stay at the emergency department, fewer ordering of

additional tests and more appropriate antiviral use. Hansen et al13

also showed an effect on the decision to admit patients. As these

studies were restricted to the impact of a rapid test on clinical

decision making at the emergency department, the overall benefits

for patient care in case of admission could not be assessed.

It should be noted that the presented study is on the basis of the

current practice in a tertiary care hospital in the Netherlands. In most

countries, guidelines on influenza or RSV infection control measures

are comparable to the Netherlands, i.e. droplet and contact

precautions in a one person‐room (CDC infection control guidelines,

updated October 2017). However, to what extent these guidelines

are adhered to during the annual influenza epidemics can vary locally.

Also, most patients seen at our hospital have co‐morbidities,

reflecting the vulnerable patient population of a tertiary care referral

hospital, with a subsequent effect on the rate of admission and the

need for additional antimicrobial therapy.

Using large multiplex PCR panels enables the detection of other

viruses besides influenza and RSV, of which some will be associated

with a need for admission to the hospital and/or infection control

precautions. This could potentially impact in‐hospital costs. There is

an ongoing debate about the added value of large multiplex PCR

panels for respiratory pathogens compared to more specific

influenza/RSV PCR especially during the influenza season, in which

a substantial part of respiratory infections causing hospital admission

is caused by influenza or RSV.23 In our hospital, infection control

policy is mainly focused on influenza and RSV; for other respiratory

viruses, a more differentiated approach is taken, implementing

infection control measures only on high‐risk wards. Thus, the

potential impact on in‐hospital costs of admission of patients with

respiratory infections caused by other viruses than influenza and

RSV during the influenza season is considered limited.

The model did not include costs of (inappropriate) antimicrobial

therapy because information on the presence or absence of bacterial

pathogens was lacking. Early detection of respiratory pathogens by

rapid molecular tests has the potential of reducing the duration of

empirically started antibiotics. This would result in a reduction in

inappropriate antibiotic use, antibiotic pressure and antimicrobial

resistance, which would further enhance the benefits associated with

POC testing in this patient group. Moreover, available data suggest

that a rapid diagnosis could lead to less additional laboratory testing

and medical procedures, however, this might only be true for

influenza positive patients.13,22,24

A key assumption underlying our model is that clinicians act upon

the results of the POC test, for example by not prescribing antibiotics

to patients who test positive. In practice, clinicians may decide

otherwise. Thus, prospective, randomized controlled studies are

needed to assess the actual impact of POC test on patient

management and infection control, including the effect on patient

outcome. These trials should not only focus on actual changes in

patient care but also on the complex mechanisms underlying the

clinical decision‐making process in the cascade of events during

hospital admission and thus the impact of rapid diagnosis on the

behavior and considerations regarding patient care.

In conclusion, the introduction of POC molecular diagnostic

testing for influenza and RSV for patients presenting with symptoms

of a viral respiratory tract infection at the hospital may lead to a

more timely installment of appropriate infection control measures

and a shorter duration of hospital admission, thus reducing in‐
hospital costs.
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